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分离，塔板高度分别为 8.16、7.33、14.63、8.01 μm (60% ACN)；核苷酸和
HPLC 5 standard peptides mixture 可以在纯水流动相下得到分离。对 GSH 
monolith、GNPs@GSH monolith 和 GSH@GNPs@GSH monolith 手性分离效果
进行了评价 ,结果表明 GSH monolith 有一定的手性分离能力，而
GSH@GNPs@GSH monolith 的手性分离效果最好。谷胱甘肽整体柱的成功制
备和后修饰证明了氨基和环氧反应的“一锅法”具有应用前景和推广性。 
3.以生长抑素（ST）作为有机单体，GPTMS 和 TMOS 作为前驱体，“一
锅法”制备了多肽杂化硅胶毛细管整体柱并且对其进行了一系列的表征。ST-
silica monolith 作为两性固定相，显示出一定的亲水性作用机理（乙腈含量高











的 pH 的改变导致 OV monolith 的电渗流大小和方向的改变。根据蛋白质本身
的特性，OV monolith 表现出手性分离的能力，不仅分离了 DL-氨基酸对映
体，而且对药物分子的外消旋体也得到成功分离。以纯水作为流动相，分离了




















Monolithic column has been developed as a novel state-of-the-art stationary 
phase with the advantages of facile preparation, high permeability, fast mass transfer 
and fritless design. It thus attracts more and more scientists to working in the fields of 
separation science and sample enrichment. In general, monolithic columns can be 
classified into three kinds: polymer-based monolith, silica-based monolith and 
organic-silica hybrid monolith. Polymer-based monolith is easy for preparation, 
stable to pH, suitable for separation of macro-biomolecules and there are various 
functional monomers available for use. However, due to the swelling in organic 
solvents, the station phase have short lifetime. Silica-based monolith demonstrates 
high mechanical stability, but the preparation process is time-consuming, the pH 
range (pH 2-8) is limited and post-modification is needed to some extent. Organic-
silica hybrid monolith avoids the disadvantages of the above-mentioned two kinds of 
monoliths. On the other hand, it has many advantages, for example, mechanical 
stability and pH tolerance. The organic functional moieties can be incorporated into 
the inorganic silica monolithic matrix via sol-gel process of trialkoxysilanes (organo-
functionality providers) and precursors (tetra-alkoxysilianes). However, rare types of 
available commercial trialkoxysilanes limit the development of hybrid monoliths. 
Recently, a “one-pot” approach, based on the free radical polymerization of vinyl 
groups, has been developed as a new method for preparing the organic-silica hybrid 
monolithic column which circumvents the limitation and difficulty of using the 
organic monomers to synthesize the functional organic-trialkoxysilanes hybrid 
monolithic column. But it is difficult to obtain homogenous matrix because the rate 
of free radical polymer polymerization is hard to control. Although these reactions 
are versatile and efficient, there are some restrictions for copolymerization of some 
monomers, like peptide or protein which are not suitable for allylation that is 
essential for radical polymerization. This dissertation uses a new system of “one-
















to prepare capillary peptide and protein silica hybrid monolith.  
This dissertation contains five chapters. 
1. The state-of-the-art – monolith preparation methods were reviewed, 
especially focusing on the strategies for the preparation of silica hybrid monolithic 
column, and then my research proposal was presented. 
2. We developed a glutathione (GSH)-silica hybrid monolithic column and gold 
nanoparticles (GNPs) modified glutathione-silica hybrid monolithic column as 
HILIC and chiral stationary phase for capillary electrochromatography (CEC). We 
used tetramethyloxysilane (TMOS) and γ-glycidoxypropyltrimethoxysilane 
(GPTMS) as co-precursors in the sol-gel process to prepare the hybrid monoliths, in 
which GSH as a functional group covalently bonded onto the silica skeleton via the 
epoxy ring-opening reaction of glycidyl in GPTMS. Then GNPs can chemically 
attach onto the monolith (GNPs@GSH monolith) by Au-S bond, the thiol group 
providing by the glutathione. GSH in turn modified the GNPs@GSH monolith to get 
GSH@GNPs@GSH monolith, to improve GSH monolith separation efficiency. GSH 
incorporation into the silica hybrid skeleton was confirmed by elemental analysis 
and FT-IR. The obtained GSH monolith afforded a zwitterionic stationary phase for 
CEC, the direction and magnitude of EOF could be controlled with the mobile phase 
pH. Four polar compounds (toluene, DMF, formamide and thiourea) were separated 
on the GSH monolith, with 20 mM HCOOH-HCOONH4 containing 60% ACN (pH 
2.64), and the corresponding theoretical plate number for toluene, DMF, formamide 
and thiourea were 8.16, 7.33, 14.63 and 8.01 μm, respectively. GSH monolith 
behaved as HILIC mode even in the aqueous mobile phase. For comparison 
separation efficiency of GSH monolith, GNPs@GSH monolith and 
GSH@GNPs@GSH monolith, nucleotides and HPLC 5 standard peptides mixture 
were separated with aqueous mobile phase. As GSH is natural chiral compound, DL-
amino acids and drug enantiomers, were also separated on the monoliths. Results 
showed that after GNPs modification, the separation efficiency was improved maybe 
due to the large surface area of GNPs and chiral arrangement on the GSH stationary 
















The GSH monolith and GNPs modified GSH monolith demonstrated this “one-pot” 
strategy has potential application and can be extended for other monolithic materials. 
3. Somatostatin acetate (ST) was used as peptide monomer to prepare ST-silica 
hybrid monolith via “one-pot” process in which  tetramethyloxysilane (TMOS) and 
γ-glycidoxypropyltrimethoxysilane (GPTMS) as co-precursors in the sol-gel process 
to prepare hybrid monoliths, ST as a functional group covalently bonded onto the 
silica skeleton via the epoxy ring-opening reaction of glycidyl in GPTMS. ST-silica 
monolith is a zwitterionic stationary phase and behaved in a hydrophilic interaction 
with the analytes when ACN percentage in the mobile phase is more than 40%. Its 
theoretical plate height was down to 3.34 μm, the corresponding theoretical plate 
number was 300 000 plates/m, when 20 mM HCOONH4 containing 20% ACN (pH 
2.5) was used as a running buffer. Four polar compounds (toluene, DMF, formamide 
and thiourea) were separated on the ST-silica monolith, with 20 mM HCOOH-
HCOONH4 containing 90% ACN (pH 5.0), and the corresponding theoretical plate 
number for toluene, DMF, formamide and thiourea were 10.8, 6.01, 13.8 and 12.7 
μm, respectively. The baseline separation of nucleotides on ST-silica monolith was 
achieved with 20 mM PBS (pH 2.7). Effective separation of DL-amino acids and 
drug racemates showed that ST-silica monolith can be used as affinity 
chromatography. Also, the successful preparation of ST-silica monolith demonstrated 
the flexibility of “one-pot” process via epoxy ring-opening reaction. 
4. Three proteins including ovomucoid (from chicken egg white, OV), lysozyme 
(LYZ) and papain were used as protein monomers, GPTMS and TMOS were the co-
precursors, three protein-silica hybrid monoliths were prepared via the “one-pot” 
process by the epoxy ring-opening reaction of glycidyl in GPTMS. Take OV-silica 
monolith as an example, OV-silica monolith was a zwitterionic stationary phase and 
a chiral stationary phase as well. The direction and magnitude of EOF was controlled 
by the mobile phase pH. DL-amino acids and drug enantiomers were successful 
baseline separated on OV-silica monolith which showed the application of OV-silica 
monolith in affinity chromatography. Nucleotides and HPLC 5 standard peptides 
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